There is a growing body of evidence indicating that several melanoma-associated antigen-A (MAGE-A) subgroups contribute to the malignancy of head and neck cancer. The present study retrospectively analyzed the expression of all known MAGE-A subgroups in the tumor front and center of 38 head and neck cancer patients (Union for International Cancer Control stage I or IV) by immunohistochemistry. MAGE-A1, -A6, -A8, -A9 and -A11 were expressed at significantly higher levels at the tumor front of stage IV specimens compared with the tumor front of stage I specimens. In stage I cancer, the tumor center and front ratio (C/F ratio) for each subgroup was >1.0. In stage IV cancer, the C/F ratio was <1.0 in 9/11 subgroups. The most significant change in the expression pattern was observed for MAGE-A11. These results indicated that there is a marked alteration and shift to the invasive front of almost all MAGE-A subgroups, but particularly MAGE-A11, during the progression of head and neck squamous cell carcinoma.
Introduction
The treatment of the advanced stages of head and neck squamous cell carcinoma remains challenging (1, 2) . In particular, a lack of locoregional control and failure of neck dissection (occurrence or recurrence of lymph node metastases following neck dissection) often leads to fatal outcomes and a poor prognosis for the affected patients (3) . Thus, the initial recognition of patients with a higher risk of having these factors could improve the long-term outcomes by allowing a more aggressive treatment approach and a closer follow-up for that patient. Melanoma-associated antigen A (MAGE-A) was identified in the early 1990s by van der Bruggen et al (4) . There is growing evidence that MAGE-A proteins are associated with or contribute to several solid malignancies, including head and neck cancer (5) (6) (7) . This can be explained, at least in part, by the MAGE-A-mediated decrease in the cellular p53 levels, leading to chemoresistance (8) . In this context, our previous studies investigated the contributions of MAGE-A expression to the reduced cytotoxicity of conventional therapies in head and neck cancer. Based on those studies, evidence was provided showing that several MAGE-A subgroups, particularly MAGE-A11, are associated with the decreased efficacy of cisplatin, 5-fluorouracil, docetaxel, paclitaxel, cetuximab, panitumumab, erlotinib and gefitinib (9, 10) . However, these findings are limited to artificial cell culture systems, and clinical evidence is required to strengthen our hypotheses. Notably, it has also demonstrated that MAGE-A11 expression is correlated with a poorer prognosis for breast cancer (11) . Similar results were reported by Minges et al for castration-recurrent prostate cancers (12).
In addition to the association between several subgroups and a poor prognosis, MAGE-A expression is also an important predictor of malignant transformation. A study by Ries et al clearly showed that MAGE-A expression is restricted to oral leukoplakia tissues that transform into invasive cancer, and is not present in leukoplakia without progression to malignancy (13) . Complementing these findings, we previously showed that MAGE-A expression is found in leukoplakia with dysplasia and carcinoma in situ, but not in benign lesions, such as ulcers or epulis (14) .
The present study was designed to quantify the expression of all known MAGE-A antigens at the tumor center and the tumor front with respect to the UICC stages of the patients investigated. The differences between the different sites (invasive front vs. tumor center), and between limited and advanced disease [Union for International Cancer Control (UICC) stage I vs. IV] were analyzed. In addition, the probable role of a cumulative MAGE-A expression score was assessed.
Patients and methods
Patients and tissues. The data investigated in this study were collected from patients with oral squamous cell carcinoma (OSCC) who were treated between August 2001 and August 2003 at the Department of Oral and Maxillofacial Plastic Surgery of the University Hospital Würzburg (Würzburg, Germany). The tissue samples were provided by the Institute of Pathology of the University of Würzburg (Würzburg, Germany). The tumor locations consisted of the lip, tongue, cheek, tonsil, palate and oropharynx. None of the tumors originated from the respiratory epithelium. After an initial screening, the patients were subdivided into two groups by clinically-or pathologically-confirmed tumor stage, which was determined according to the UICC criteria (15) . The group with stage I cancers consisted of 23 patients (16 males and 7 females), with a mean age of 66.52 years [standard deviation (SD), ±13.95]. The group with stage IV cancers consisted of 15 patients (11 males and 4 females), with a mean age of 53.36 years (SD, ±9.95). The patients were classified as stage IV based on the presence of T4 (11 patients) or N2 (4 patients) disease. None of the patients had confirmed distant metastasis. The identification of the tumor center and invasive front was supported by an expert pathologist. The study was approved by the ethics committee of the University of Würzburg (reference, 20160508 01).
Tissue microarrays (TMAs) and immunohistochemical staining. For TMA preparation, paraffin-embedded samples of the OSCCs were used. From each specimen, a sample of the tumor front and tumor center were constructed, represented by three 0.6-mm cores with a thickness of 1 µm. The TMA were mounted on saline-coated slides. Phosphate-buffered saline was used as a diluent for the washing and rinsing steps throughout the protocol for TMA preparation. Following deparaffinization [with xylene and decreasing concentrations of ethanol (100-70%)] and consecutive rehydration, antigen retrieval was performed by autoclaving the samples for 15 min in distinct saline buffers (Table I) . Next, the sections were incubated with the MAGE-A primary antibodies (Table I) at room temperature for 60 min. Subsequent to washing, the secondary antibody [ADVANCE™ Horseradish peroxidase (HRP) Link] was added for another 20 min. ADVANCE HRP enzyme was then added for 20 min. Afterwards, detection was performed with a Dako ADVANCE system and 3,3'-diaminobenzidine was used as the chromogen (all Pathology Products Dako Deutschland GmbH, Hamburg, Germany). Finally, the slides were counterstained with hematoxylin. Anonymized adult testis tissue from the Institute of Pathology of the University of Würzburg served as positive controls for immunohistochemical staining. Lung and testis tissues without secondary antibody staining served as negative controls.
Semiquantitative staining score. To express the amount of staining, a semiquantitative method (immunoreactive score) was used, as described previously (16) . For each section (tumor front or center) a multiplicative score was determined. The immunoreactivity score (IRS) with arbitrary units was calculated by multiplying the amount of staining by the percentage of positive cells (Table II) . Based on the scoring system provided in Table II , the score of each specimen ranged between 0 and 12 arbitrary units. In addition to rating the tumor center and the invasive front separately, the total expression for every subgroup and patient was also summed up (IRS total = IRS invasive front + IRS tumor center).
Statistical analysis. For the statistical analysis and visualization of the data, the GraphPad Prism 6.04 software program (GraphPad Software Inc., La Jolla, CA, USA) was utilized. Due to the number of biopsies, differences between the stage I and IV group specimens were analyzed by the two-tailed Mann-Whitney test. P≤0.05 was used to indicate a statistically significant difference.
Results

MAGE-A expression is found in the invasive front and the tumor center.
In general, different expression levels of all MAGE-A subgroups were detected in the stage I and IV cancers (Figs. 1 and 2). In the stage I group, the lowest expression in the tumor center was found for MAGE-A1 (2.26) and the highest expression was found for MAGE-A6 (7.35) . At the invasive front, the lowest expression was again found for MAGE-A1 (1.22), while the highest expression was observed for MAGE-A3 (4.87). In contrast to these findings, in the stage IV group, MAGE-A5 showed the highest expression at the tumor center (6.8) and MAGE-A11 showed the lowest expression (1.53). Regarding the invasive front, MAGE-A11 showed the lowest expression (2.27) and MAGE-A6 showed the highest expression (7.4) (Tables III and IV) . Every MAGE-A subgroup was found to be expressed in all four investigated groups (invasive front and center in stages I and IV). In the stage I group, the mean cumulative MAGE-A expression ranged from 3.48 for MAGE-A1 to 11.57 for MAGE-A6. By contrast, the lowest mean cumulative MAGE-A expression in the stage IV group was observed for MAGE-A11 (3.8). MAGE-A6 yielded the highest mean cumulative expression (13.0).
Cumulative MAGE-A expression score is not associated with different UICC stages. The cumulative MAGE-A expression score in the UICC stage I cancers was 85.87 (SD, ±51.76) and that in stage IV cancers was 98.67 (SD, ±40.26). The Mann-Whitney test used to compare the groups showed no significant differences in the expression scores between stage I and stage IV cancers (P=0.5014).
MAGE-A expression at the tumor center shows a tendency to differ between UICC stages I and IV.
To compare the expression of the different subgroups in the tumor center between stage I and stage IV cancers, the Mann-Whitney test was used. The MAGE-A1, -A3 and -A5 subgroups were more strongly expressed in UICC stage IV cancers compared with UICC stage I tumors. However, no subgroup showed significantly different expression at the tumor center in a comparison of stage I and stage IV cancers. For MAGE-A1, a trend could be observed, but this was not statistically significant (P=0.0537) (Table III) . Table IV , the expression of all MAGE-A subgroups at the invasive front was higher in stage IV cancers than in stage I cancers. This finding was significant for MAGE-A1 (P= 0.0400), -A6 (P= 0.0331), -A8 (P=0.0434), -A9 (P=0.0060) and-A11 (P=0.0249).
MAGE-A expression is significantly higher at the invasive front in UICC stage IV cancers. As shown in
Ratios of expression in the tumor center and invasive front
are different in UICC stage I and stage IV cancers. To clarify possible changes in the MAGE-A expression pattern from limited to advanced disease, the ratio of MAGE-A expression at the tumor center compared with that at the invasive front (C/F ratio) was examined. As shown in Fig. 3 , in stage I cancers, this ratio was always >1.0. The highest C/F ratio in the stage I cancers was observed for MAGE-A11 (4.59). The lowest C/F ratio was observed for MAGE-A3 (1.05). By contrast, in 9 out of the 11 (81.8%) MAGE-A subgroups, the 
Discussion
To the best of our knowledge, this is the first study to investigate the changes in MAGE-A expression in the tumor front and the tumor center in the early and later stages of cancer.
Considering the large number of studies that have investigated markers of malignancy in head and neck cancer (17) (18) (19) (20) , the 38 samples examined in the present study are adequate for a first overview, although large-scale studies will be required to confirm the findings. All investigated MAGE-A subgroups were detected in the stage I and IV cancers, although not every patient showed expression of all subgroups. At the tumor center of stage I cancers, MAGE-A6 expression yielded the highest staining. In an in vitro analysis, Müller-Richter et al also showed high levels of MAGE-A6 in comparison to other subgroups in a panel of established head and neck cancer cell lines (21) . By contrast, the UICC stage IV cancers in the present study showed the highest expression of MAGE-A5 at the tumor center. This is important as we recently showed a correlation between a lower response to epidermal growth factor receptor (EGFR) antibodies (panitumumab) and the high expression of MAGE-A5 in several head and neck cancer cell lines (10) . This is particularly significant as patients with advanced head and neck tumors are increasingly being treated with targeted therapies, including EGFR antibodies, indicating the clinical relevance of the finding. Investigating the MAGE-A5 status prior to the administration of anti-EGFR therapy could aid in supporting clinical decisions. At the invasive front of limited head and neck cancers (UICC stage I), the highest staining rate was found for MAGE-A3 in the present study. Notably, MAGE-A3 has been widely described by previous studies and serves as a target for vaccination in the treatment of head and neck tumors (22, 23) . These studies have shown encouraging results and shed light on novel treatment options for patients suffering from advanced tumors of the head and neck. In contrast to these previous studies, the present study detected MAGE-A6 as the most highly expressed at the invasive front of UICC stage IV cancers.
As the different functions and crosslinks among the 11 MAGE-A subgroups are not yet completely understood, the use of the cumulative MAGE-A expression as an element for distinguishing between limited and advanced stages of disease was considered in the present study. The cumulative expression was indeed higher in the UICC stage IV group (98.67 vs. 85.87), but this finding was not significant. By comparing the subgroup expression in the tumor center, higher staining was detected for MAGE-A1, -A3 and -A5 in the UICC stage IV cancers. For the other subgroups, the staining rates were higher in UICC stage I cancers. However, the difference was not significant for any of the subgroups tested. In clear contrast to that finding, higher staining was observed for all MAGE-A proteins in the invasive front for the UICC stage IV group. These findings were significant for MAGE-A1 (P=0.0400), -A6 (P=0.0331), -A8 (P=0.0434), -A9 (P=0.0060) and -A11 (P=0.0249).
A marked change was clearly present in the expression patterns in the tumor front and center during the progression of the studied malignancies. MAGE-A9 and-A11 are worthy of note in this context. Recently, Han et al provided evidence of a poor prognosis in patients with laryngeal squamous cell carcinomas expressing high levels of MAGE-A9 (24) . In addition, we have previously provided strong evidence that MAGE-A11 is correlated with the reduced effects of numerous agents commonly used for the treatment of head and neck cancer, such as cisplatin, 5-fluorouracil, docetaxel, paclitaxel, cetuximab and panitumumab (9, 10) . Furthermore, this finding has also been confirmed for erlotinib and gefitinib (25) . Notably, comparable to our previous results in cell culture, the MAGE-A11 expression in the TMAs was only modest (25) . However, its expression can likely be used to separate patients with a higher risk from those with a lower risk. As outlined for breast and prostate cancer (11, 26) , MAGE-A11 may play a role in the growth and progression of head and neck cancer.
By investigating the tumor center and invasive front separately in limited and advanced stages of the disease, the present study was able to obtain the first insights into the changes of MAGE-A expression that occur during cancer progression. To the best of our knowledge, the present study is the first to describe a significant change in the MAGE-A pattern in head and neck cancer from UICC stage I to IV. By calculating the C/F ratio for each MAGE-A subgroup, intense changes were identified from UICC stage I to IV. While the C/F ratios in limited disease were always >1.0, indicating a stronger MAGE-A expression in the tumor center, this ratio changed in 9 out of 11 MAGE-A subgroups in samples of advanced disease. With the exception of MAGE-A1 and -A5, all other subgroups were more highly expressed at the invasive front of advanced-stage tumors. As an advanced stage based on the UICC criteria always represents distinct local invasion or regional/distant metastatic spread, the relocation of MAGE-A Figure 3 . Ratio of the tumor center and invasive front (C/F ratio) expression of all MAGE-A subgroups in arbitrary units. In stage I cancers, the ratio was always >1.0. The highest C/F ratio in stage I cancers was observed for MAGE-A11 (4.59). The lowest C/F ratio was observed for MAGE-A3 (1.05). By contrast, for 9/11 MAGE-A subgroups, the ratio was <1.0 in the UICC stage IV cancers. The highest C/F ratio was observed for MAGE-A1 (1.51) and the lowest was observed for MAGE-A9 (0.42). The largest change in the C/F ratio from stage I to stage IV was observed in MAGE-A11 (4.59 vs. 0.68).
proteins from the tumor center to the invasive front could be considered to contribute to malignancy. Notably, this effect was the strongest for MAGE-A11, the subgroup previously identified as a predictor of decreased treatment efficacy in head and neck cancer cell lines. In summary, the present findings warrant further investigation into the MAGE-A proteins, particularly the role of MAGE-A11, in head and neck cancer.
